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(57) Abstract 

A digitally controlled switched-mode voltage convenor comprises conversion means (CMS) including switching means (SM) for the 
purpose of converting an input voltage (Ui) into an output voltage (Uo); and control means (CM) for controlling a duty cycle of the switching 
means (SM) in steps having discrete values (D c i, D C 2). The control means (CM) include change-over means (SO) for continually switching 
the duty cycle between at least two discrete values (D c i, D C 2) in such a manner that the average value of the duty cycle corresponds to a 
target duty cycle (Tdc). 
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Digitally controlled switched-mode voltage converter. 



The invention relates to a digitally controlled switched-mode voltage 
convenor comprising conversion means including switching means for the purpose of 
converting an input voltage into an output voltage; and control means for controlling a duty 
cycle of the switching means in steps having discrete values. 

5 Such a voltage convenor is known from German Patent Specification 

2746578. In said converter the desired output voltage is obtained by the stepwise control of 
the duty cycle of a switch (i.e. the time during which the switch is closed divided by the sum 
of the time during which the switch is closed and the time during which the switch is open). 
For example, if the output voltage is to be raised the duty cycle is increased in steps. 

10 A disadvantage of the known convenor is that the accuracy of the output 

voltage, i.e. the voltage resolution, is limited in that the voltage resolution is correlated with 
the time resolution of the voltage convenor, which time resolution is defined by the duty 
cycle, which can be adapted in discrete steps. 

In the known voltage convenor the voltage resolution can be improved by 

15 reducing the step size of the discrete steps by a given factor. For a similar voltage range of 
the output voltage the number of discrete steps should then be increased by the same factor. 
This means that if the duty cycle of the switch is minimum, which occurs at the smallest 
possible value of the output voltage, the value of the duty cycle has been reduced by the 
above-mentioned factor. However, the maximum value of the duty cycle, which occurs at the 

20 largest possible value of the output voltage, does not change. It follows that the ratio between 
the maximum value of the duty cycle and the minimum value of the duty cycle has (poten- 
tially) increased by the above-mentioned factor. The shortest time during which the switch is 
closed (during the minimum value of the duty cycle) dictates the maximum period of a 
system clock that is required. This maximum period corresponds to a minimum system clock 

25 frequency of the system clock. It will be evident that in an attempt to improve the voltage 
resolution, by reducing the step size of the discrete steps (or by increasing the time resol- 
ution) by a given factor, the minimum system clock frequency increases by this given factor. 

The above solution is disadvantageous because, in order to enable the 
voltage resolution to be made sufficiently high, the minimum required system clock 
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frequency could be so high that the electronic circuitry required for this purpose is highly 
intricate, dissipates much power, or is even impracticable. A solution for this is to increase 
the switching period of the switch, i.e. the sum of the time that the switch is closed and the 
time that the switch is open, without the duty cycle being changed. In that case the minimum 

5 system clock frequency can be reduced proportionally. Phrased differently, the minimum 
system clock frequency is directly proportional to the minimum switching frequency (the 
reciprocal of the switching period of the switch). 

However, the above-mentioned solution has another disadvantage. 
Switched-mode voltage convenors generally include a coil. The energy losses of the voltage 

10 convenor, for a given duty cycle, are then inversely proportional to the value of the self- 
inductance of the coil, and inversely proportional to the switching frequency. Since the self- 
inductance cannot be arbitrarily large in view of the coil dimensions, the efficiency of the 
voltage convenor will be lower in the case of a reduced switching frequency. 

Summarizing, it can be stated that increasing the voltage resolution of the 

15 voltage convenor by increasing the time resolution is subject to limits imposed by a 

minimum system clock frequency, on the one hand, and a maximum system clock frequency, 
on the other hand. 

Furthermore, it is to be noted that the capacitance of a smoothing 
capacitor, which is generally present, should be higher as the switching frequency decreases. 
20 This results in an undesirable increase in the size of the smoothing capacitor. 

It is an object of the invention to provide a digitally controlled switched- 
mode voltage convenor which mitigates the afore-mentioned disadvantages. 

To this end, according to the invention, the digitally controlled switched- 
mode voltage convenor of the type defined in the opening paragraph is characterized in that 
25 the control means include change-over means for continually switching the duty cycle 

between at least two discrete values in such a manner that the average value of the duty cycle 
corresponds to a target duty cycle. 

A desired value of the output voltage, or the target output voltage, 
corresponds to the target duty cycle. Since in digitally controlled switched-mode voltage 
30 convenors the duty cycle can be controlled in steps the resulting value of the duty cycle 
generally does not correspond exactly to the target duty cycle. The invention is based on the 
recognition of the fact that when the duty cycle is continually switched between two discrete 
values, as a result of which the output voltage varies continually between two values, in such 
a maimer that the average value of the duty cycle is then equal to the target duty cycle, the 
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average value of the output voltage is equal to the target output voltage. The variation of the 
output voltage is eliminated by a filter action of the components present in the voltage 
converter, such as the coil and/or the smoothing capacitor, in the case of an appropriate 
dimensioning of the components. Thus, it is achieved that the output voltage is substantially 
5 equal to the target output voltage. 

A voltage converter in accordance with the invention is further character- 
ized in that the change-over mean include memory means for storing at least one switching 
pattern which corresponds to a ratio between switching times for continually changing over 
the two discrete values of the duty cycle. By means of the target duty cycle a number is 
10 determined which selects an address of the memory means. The switching pattern or bit 

"pattern corresponding to the selected address is read from the memory means and transferred 
to the change-over means in accordance with a cyclic time schedule. 

The invention further relates to a method of converting an input voltage 
into an output voltage by means of a digitally controlled switched-mode voltage convenor, an 
15 input voltage being converted into an output voltage with the aid of switching means and a 
duty cycle of the switching means being controlled with the aid of control means in steps 
having discrete values. 

A method in accordance with the invention is characterized in that the 
duty cycle is continually switched between at least two discrete values so as to make the 
20 average value of the duty cycle correspond to a target duty cycle. 

The invention will now be described in more detail with reference to the 
accompanying drawings, in which: 

Figure 1 shows a basic diagram of a digitally controlled switched-mode 
voltage convenor in accordance with the invention; 
25 Figure 2 shows an electrical circuit diagram of a conventional boost 

convenor; 

Figure 3 shows an electrical circuit diagram of a conventional inverting 

convenor; 

Figure 4 shows an electrical circuit diagram of a conventional buck 

30 convenor; 

Figure 5 shows diagrams to illustrate the operation of a voltage convenor 
in accordance with the invention; 

Figure 6 shows a basic diagram of a memory for use in a digitally 
controlled voltage convenor in accordance with the invention; and 
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Figure 7 shows an example of addressing a memory used in the invention. 
In these Figures like parts or elements bear the same reference symbols. 
Figure 1 sh ws a basic diagram of a digitally controlled switched-mode 
voltage converter in accordance with the invention. The voltage converter comprises 
5 conversion means CMS having switching means SM for the purpose of converting an input 
voltage into an output voltage U 0 . The input voltage U i? which appears on an input 
terminal EP of the voltage converter, is supplied by a voltage supply means, for example a 
voltage source U s . The voltage source U s is coupled between the input terminal IP and a 
ground terminal 0. The output voltage U 0 , which appears on an output terminal OP of the 

10 voltage convenor, is supplied to a load Z L coupled between the output terminal OP and the 
ground terminal 0. The voltage convenor further comprises control means CM for control- 
ling a duty cycle of the switching means SM in steps having discrete values D cl , D c2 . The 
control means CM include change-over means SO for continually switching over between 
two discrete values D cl , D c2 in such a manner that the average value of the duty cycle 

15 corresponds to a target duty cycle. The required information about the switching times of the 
switching means SM are stored in memory means MM. 

Figures 2, 3 and 4 show known topologies of conversion means CMS 
which can be used in the voltage converter in accordance with the invention. In these 
topologies a T network is formed by a coil L, a diode D, and switching means SM con- 

20 structed as a switch SW. The T network is arranged between the input terminal IP, the 

output terminal OP, and the ground terminal 0. A smoothing capacitor C is arranged between 
the output terminal OP and the ground terminal 0. In the boost convenor of Figure 2 the 
input terminal IP is coupled to the coil L, the output terminal OP is coupled to an electrode 
of the diode D, and the switch SW forms the vertical branch of the T network, which branch 

25 is coupled to the ground terminal 0. In the inverting convenor of Figure 3 the input terminal 
IP is coupled to the switch SW, the output terminal OP is coupled to an electrode of the 
diode D, and the coil forms the vertical branch of the T network. In the buck voltage 
convenor of Figure 3 the input terminal IP is coupled to the switch SW, the output terminal 
OP is coupled to the coil L, and the diode D forms the vertical branch of the T network. 

30 Figure 5 shows some diagrams (I, n, HI) to illustrate the operation of the 

digitally controlled voltage convenor. The diagram I shows a switching pattern of the switch 
SW, where T s is the switching period of the switch SW and t x indicates the time during 
which the switch SW is closed. A first discrete value of the duty cycle D cl of the switch SW 
is equal to tj/Tj.. The diagram II, similarly to the diagram I, shows a second discrete value 
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of the duty cycle D c2 , which is equal to t 2 /T s , which complies with: 

12 = tj + At. Here, At is the smallest possible time step. The diagram in shows an example 
of a target switching pattern whose target duty cycle is equal to the quotient of the target 
time tt g and the switching period T s . The difference between the target time t^ and t 2 is 
5 designated Atg. As Atg is not an integral multiple of (or equal to) At this target duty cycle 
cannot be realized. It is possible, however, to realize a switching pattern (not indicated in 
Figure 5) whose average duty cycle is equal to the target duty cycle by continually changing 
over between the two switching patterns I, II. 

Figure 6 shows an example of a memory NN for use in digitally 

10 controlled voltage convenor in accordance with the invention. It is assumed, by way of 
example, that the voltage resolution should be improved by a factor of ten. This means that 
nine virtual intermediate values of a duty cycle are required, which intermediate values lie 
between two successive discrete values of the duty cycle. The nine intermediate values are 
stored as switching patterns SP in the memory MM. From the target duty cycle T dc a 

15 number N A is derived. The number N A refers to an address ADR of the memory MM for 
selection of the switching pattern SP. The selected switching pattern SP consists of zeros and 
ones. The bits appear cyclically on an output MO of the memory MM, the output MO being 
coupled to the change-over means SO. A pointer P determines which bit of the selected 
switching pattern SP appears on the output MO of the memory MM. For example, the 

20 position of the pointer P, as is shown in Figure 6, can proceed from the left to the right in a 
bit by bit fashion, after which it returns after the right-most position to the left-most position, 
and then proceeds again from the left to the right in a bit by bit fashion. The number N A 
complies with the mathematical formula: 

N A = T dc - { S * ENTIER (T dc / S) } [1] 
25 Here, S indicates the difference between two discrete values D cl ,D c2 of the duty-cycle, and 
ENTIER is an operator which defines the integer of an operand. For example, ENTIER 
(3.73) = 3. 

The operation of the invention will now be explained by means of three 

specific examples. 

30 

Example 1: 

Let it be assumed, for example, that: T s = 50/xs; t x = lO^cs; t 2 = 20/xs; At = 10/*s. 
It follows that: S = At/T s = 0.2; 

It is further assumed that: D cl = tj/T s = 0.2; D c2 = t 2 /T s = 0.4. Let it further be assumed 
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that Atg = 5fis, from which it follows that: t^ = tj+Atg = 15 fis and 
T dc = i xg /T s = 15/xs/50/is = 0.3. The target-duty-cycle T dc is now exactly centered between 
the two discrete values D cl and D c2 . This means that the duty cycle of the switching means 
SM are determined by the duty-cycle D cl for 50 % of the time and by the duty cycle D c2 for 
5 the other 50 % of the time. In this case the number N A should specify the address ADR 5. 
Indeed, the bits of the switching pattern SP corresponding to the address ADR 5 consists of 
logic ones for 50 % and of logic zeros for 50 % . In this case the logic zeros effect switching 
of the duty cycle D cl with the aid of the change-over means SO. Likewise, the logic ones 
effect switching of the duty cycle D c2 , The value of the number N A is calculated by means 
10 of the formula [1]: 

N A = 0.3 - 0.2 * { ENTER (0.3/0.2) }= 0.3 - 0.2 * 1 = 0.1. 

Example 2: 

It is assumed, for example, that: T s = 50^is; X x — 10/xs; t2 = 20/*s; At = 10/is. 

15 It follows that: S = At/T s = 0.2; 

It is further assumed that: D cl = t x /T s = 0.2; D c2 = t 2 /T s = 0.4. It is also assumed that: 
Atg = 3/is, from which it follows that: t^ = t t +Atg = 13 /xs and 
T dc = x xg /T s = 13/is/50/xs = 0.26. The target duty cycle T dc is situated between the two 
discrete values D cl and D c2 . In this case the target duty cycle T dc is situated closer to the 

20 discrete value D cl than to the discrete value D c2 , in such a manner that the following holds: 
T dc = 0.7 * D cl + 0.3 * D^. (0.7 * 0.2 + 0.3 * 0.4 = 0.26) 
In this case the number N A should specify the address ADR 3. Indeed, the bits of the 
switching pattern SP corresponding to the address ADR 3 consist of logic zeros for 70 % and 
of logic ones for 30 %. The value of the number N A is calculated by means of the formula 

25 [1]: 

N A = 0.26 - 0.2 * {ENTEER (0.26/0.2)} = 0.26 - 0.2 * 1 = 0.06. 
Example 3: 

It is assumed, for example, that: T s = 50^s; tj = 10/xs; t 2 = 20/xs; At = 10/is. 
30 It follows that: S = At/T s = 0.2; 

It is further assumed that: D cl = Q+t{)fT s = 0.6; D c2 = (4%)/^= 0.8. 

It is also assumed that: t^ = 43 fis ; T dc = t^/Tg = 33^s/50jis = 0.66. 

De target duty cycle T dc is situated between the two discrete values D cl and D c2 . In the same 

way as in Example 2, it holds that: 
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T dc = 0.7 * D cl + 0.3 * D c2 . (0.7 * 0.6 + 0.3 * 0.8 = 0.66) 
The target duty cycle T dc in the present example has another value than in Example 2. 
However, the relative position of the target duty cycle T dc with respect to the discrete values 
of the duty cycles D cl and D c2 is similar to the relative position of the target duty cycle T dc 
5 of the discrete values of the duty cycles D cl and D c2 of Example 2. In the present case the 
number N A should also specify the address ADR 3. The value of the number N A is again 
calculated by means of the formula [1]: 

N A = 0.66 - 0.2 * {ENTTER (0.66/0.2)} = 0.66 - 0.2 * 3 = 0.06. 
This shows that the number N A indeed refers to the address ADR 3. 

10 Alternatively, all the bits can be inverted. The same result is then 

obtained when an inverter is arranged between the output MO of the memory MM and the 
change-over means SO. For a correct operation of the invention it suffices that each of the 
switching patterns SP exhibit the correct proportion of ones and zeros. The switching pattern 
SP with the address ADR 3 can, for example, also consist of a sequence of three logic: ones 

15 followed by seven logic zeros. However, it is desirable to arrange the logic ones and zeros as 
uniformly as possible in order to ensure that the variation or ripple of the output voltage is 
minimal. 

In the example shown in Figure 6 the switching patterns SP with the 
addresses ADR 6;7;8;9 have been inverted with respect to the switching patterns SP with the 
20 addresses ADR 4;3;2;1. This means that the capacity of the memory can be substantially 

halved because the switching patterns SP corresponding to the addresses ADR 6;7;8;9 can be 
derived from the switching patterns corresponding to the addresses ADR 4;3;2;1. 

Figure 7 shows an example of addressing a memory used in the invention. 
This Figure shows how the value of the number N A corresponds to the address ADR of the 
25 memory MM. The numbers are based on the three specific examples given above. 

If it appears from formula [1] that: N A = 0, this means that the target 
duty cycle T dc is equal to a discrete value of the duty cycle. In that case the change-over 
means SO need not be switched over. 
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Claims 



1. A digitally controlled switched-mode voltage convenor comprising 
conversion means (CMS) including switching means (SM) for the purpose of converting an 
input voltage (U^) into an output voltage (UJ; and control means (CM) for controlling a duty 
cycle of the switching means (SM) in steps having discrete values (D cl ,D c2 ), characterized in 

5 that the control means (CM) include change-over means (SO) for continually switching the 
duty cycle between at least two discrete values (D cl ,D C 2) in such a manner that the average 
value of the duty cycle corresponds to a target duty cycle (T dc ). 

2. A voltage converter as claimed in Claim 1, characterized in that the 
change-over means (SO) include memory means (MM) for storing at least one switching 

10 pattern (SP) which corresponds to a ratio between switching times for continually changing 
over the two discrete values (D cl ,D c2 ) of the duty cycle. 

3. A voltage convenor as claimed in Claim 2, characterized in that a number 
N A corresponds to an address (ADR) of the memory means (MM), where N A complies with 
the mathematical formula: 

15 N A -T dc -{S * ENTER (T dc /S)} 

in which T dc indicates the target duty cycle, S indicates the difference between two discrete 
values of the duty cycle, and ENTTER is an operator which defines the integer of an 
operand. 

4. A voltage convenor as claimed in Claim 3, characterized in that the 
20 change-over means (SO) are coupled, in order to receive the switching pattern (SP), to an 

output (MO) of the memory means (MM) whose address (ADR) has been selected by means 
of the number N A . 

5. A method of converting an input voltage (Uj) into an output voltage (Uo) 
by means of a digitally controlled switched-mode voltage convenor, an input voltage (U s ) 

25 being converted into an output voltage (UJ with the aid of switching means (SM) and a duty 
cycle of the switching means (SM) being controlled with the aid of control means (CM) in 
steps having discrete values (D cl ,D c2 ), characterized in that the duty cycle is continually 
switched between at least two discrete values (D cl ,D c2 ) so as to make the average value of 
the duty cycle correspond to a target duty cycle (T dc ). 
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A digitally controlled switched-mode voltage convenor comprises 
conversion means (CMS) including switching means (SM) for the purpose of converting an 
input voltage (Uj) into an output voltage (U^; and control means (CM) for controlling a duty 
cycle of the switching means (SM) in steps having discrete values (D cl ,D c2 ). The control 
means (CM) include change-over means (SO) for continually switching the duty cycle 
between at least two discrete values (D cl ,D c2 ) in such a manner that the average value of the 
duty cycle corresponds to a target duty cycle (T dc ). 
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target duty cycle (Tdc)- 



BNSDOCID: <WO 9B44622A3 I > 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FT 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







ENSDOCID: <WO 9844622A3 J_> 



" ■ 1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/IB 98/00264 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H02M 3/157 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H02M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE.DK^FIjNO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPI 



C. DOCUMENTS CONSIDERED TO BE-RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5594324 A (S. CANTER ET AL.), 14 January 1997 
(14.01.97), column 2, line 23 - line 51, 
abstract 



1-5 



US 5272614 A (M. BRUNK ET AL.), 21 December 1993 
(21.12.93), column 2, line 3 - line 64, figures 
3-3d, abstract 



1-5 



US 4095165 A (V. B. BOROS), 13 June 1978 
(13.06.78), see the whole document 



1-5 



| Further documents are listed in the continuation of Box C. | yj See patent family annex. 



* Special categories of cited documents; 

"A" document defining the general state of the art which is not considered 
to be of particular relevance 

"E" erlier document but published on or after the international filing date 

"L" document which may throw doubt's on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



16 Sept 1998 



Date of mailing of the international search report 

2 1 -09- 1998 



Name and mailing address of the ISA/ 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

Facsimile No. + 46 8 666 02 86 



Authorized officer 

Joni Sayeler 

Telephone No. +46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



BNSDOCID: <WO 9S44€22A3J_> 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



27/07/98 



International application No. 

PCT/IB 98/00264 



Publication 
date 


Patent family 
member(s) 


Publication 
date 


14/01/97 


CA 


2162947 A 


01/10/96 


CN 


1136234 A 


20/11/96 




EP 


0735656 A 


02/10/96 




FI 


955566 A 


01/10/96 




JP 


8294271 A 


05/11/96 



Patent document 
cited in search report 



US 5594324 A 



US 


5272614 


A 


21/12/93 


DE 


4122945 A 


14/01/93 










DE 


59207409 D 


00/00/00 










EP 


0522659 A,B 


13/01/93 










JP 


5199749 A 


06/08/93 


us 


4095165 


A 


13/06/78 


CA 


1081780 A 


15/07/80 










DE 


2746578 A 


20/04/78 










GB 


1577537 A 


22/10/80 










JP 


53050455 A 


08/05/78 



Form PCT/ISA/210 (patent family annex) (July 1992) 



